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ABSTRACT Wolf (Canis lupus) depredations on livestock in Minnesota, USA, are an economic problem for many livestock producers, and
depredating wolves are lethally controlled. We sought to determine the effectiveness of lethal control through the analysis of data from 923

government-verified wolf depredations from 1979 to 1998. We analyzed the data by 1) assessing the correlations between the number of wolves

killed in response to depredations with number of depredations the following year at state and local levels, and 2) the time to the next

depredation. No analysis indicated that trapping wolves substantially reduced the following year’s depredations at state or local levels. However,

more specific analyses indicated that in certain situations, killing wolves was more effective than no action (i.e., not trapping). For example,

trapping and killing adult males decreased the re-depredation risk. At sheep farms, killing wolves was generally effective. Attempting to trap,

regardless of the results, seemed more effective at reducing depredations than not trapping, suggesting that mere human activity near

depredation sites might deter future depredations. (JOURNAL OF WILDLIFE MANAGEMENT 72(3):778-784; 2008)
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Lethal control of wolves (Canis lupus) that kill livestock has
been an issue for humans as long as humans and their
livestock have coexisted with wolves. In the lower 48 United
States, persecution of wolves led to their near elimination by
the 1960s (Mech 1970). In 1974, wolves were fully
protected throughout the 48 United States by the
Endangered Species Act of 1973, at which time 700-950
wolves remained in northern Minnesota, plus a small
population on Isle Royale, Michigan (Mech 1986, Fuller
et al. 1992). Minnesota wolves then increased and expanded
their range, were reclassified to threatened in 1978 (Fritts
1982), and were removed from the Endangered Species List
in March 2007. Minnesota is now responsible for wolf
management in that state.

As wolf populations increased, they saturated wilderness
and semi-wilderness areas, where they fed primarily on
white-tailed deer (Odocoileus virginianus), and expanded into
areas of higher human and livestock concentrations (Fuller
et al. 1992, Mech 2001). Livestock depredations increased
from 16 in 1979 to 145 in 1998, primarily in the western
edge of wolf range (Harper et al. 2005). If wolves continue
to increase, livestock depredations may also increase (IMech
1998, 2001).

Increasing wolf depredations on livestock are a concern to
farmers, resource managers, agricultural officials, environ-
mentalists, and legislators. Although nonlethal methods
have been proposed, none has consistently prevented wolf
depredations (Fritts 1982, Fritts et al. 1992), although most
have not been extensively tested (Mech et al. 1996). The
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United States Fish and Wildlife Service (USFWS) began
lethal control in 1978 (Fritts 1982), but in 1986, Congress
transferred the depredation control program to the United
States Department of Agriculture, Animal and Plant Health
Inspection Service, Animal Damage Control (Fritts et al.
1992), later renamed Wildlife Services (WS).

Under the WS system, farmers who believed their
livestock was killed by wolves contacted either their
Minnesota Department of Natural Resources (MNDNR)
conservation officer or WS. Within 48 hours MNDNR or
WS personnel investigated. If they determined that the
livestock was killed by a wolf, WS initiated trapping to catch
the depredating wolf or wolves with foot-hold traps or neck
snares. They limited trapping to within 0.8 km of the
property boundary (USFWS 1985; modification of 14 Jul
court order by Judge M. Lord, 2 May 1985) and usually to
15 days (Paul 2001). They checked traps daily, and shot
captured wolves. They released pups captured before 1
August, but euthanized those captured after 1 August
(USFWS 1985; modification of 14 Jul court order by Judge
M. Lord, 2 May 1985). Sometimes WS did not trap; other
times, they used nonlethal prevention methods such as
strobe-lights or sirens instead (Paul 2001).

Lethal control has seemed effective but has never been
assessed in depth. Fritts et al. (1992), using Minnesota data
from 1979 to 1986, found that removing depredating wolves
did not reduce total depredations in wolf range but may have
reduced depredations at some farms (Fritts et al. 1992).
Conversely, simulation of various wolf removal strategies
suggested that the reactive, WS type of control would
reduce depredations by >40% (Haight et al. 2002).
Considering advances in trapping techniques and devices,
the increase in wolf range (Berg and Benson 1999) and in
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wolf depredations (Harper et al. 2005), changes in farm
management, and the delisting of wolves in Minnesota, an
in-depth evaluation of the effectiveness of directed, lethal
depredation control is needed.

We sought to determine if lethal, directed wolf-depre-
dation control in Minnesota reduced depredations and if
trapping different ages, sexes, and numbers of wolves
influenced control effectiveness. We tested 3 main hypoth-
eses. First, earlier workers had found that fewer recurrent
depredations occurred after unsuccessful control than after
successful control, so we hypothesized that these findings
were caused by researchers including data from the edge of
wolf range where only transient wolves depredated. Second,
we hypothesized that killing more wolves one year would
lead to fewer depredations the next year. Third, we
hypothesized that killing wolves would increase time to
next depredation or decrease depredation-recurrence rate. In
addition to calculating effectiveness for all livestock
combined at the state level as Fritts et al. (1992) did, we
assessed effectiveness by livestock species at state, local, and
farm levels. We also added a reference group of cases where
trapping did not occur, assessed the possible effects of
season, and calculated recurrence rates. The data presented
here complement those of Fritts et al. (1992), and add
additional insight into the effectiveness of lethal wolf-
depredation control in Minnesota.

METHODS

We used a database of 20 years of verified wolf-depredation
reports and wolf trapping data compiled by the USFWS
(1979-1985) and WS (1986-1998). Data included informa-
tion on the location (township, range, and section) and date
of the complaint, dates the USFWS or WS trapped wolves,
type of livestock killed (cattle, turkeys, or sheep only), and
the sex, age (ad, ad—yearling, yearling, and pup), and number
of wolves trapped (killed or released) in response to each
depredation. We only used complaints for which govern-
ment personnel had verified that wolves had killed livestock.
If there was any doubt we did not include the complaint in
our analysis. We excluded released pups, unless noted,
because they were not removed from the population.

The database contained 923 verified depredations at 434
different farms, with 1,440 wolves killed. We considered
multiple depredations at the same farm as separate events
unless otherwise noted. Because we excluded complaints
with questionable causes, numbers reported here differ from
those previously reported (Fritts 1982, Fritts et al. 1992).

To complete analyses of the effectiveness of lethal control,
we needed an experimental control to compare with farms at
which lethal depredation control was conducted. However, a
true experimental control, a sample of farms with verified
depredations randomly chosen to receive no trapping, did
not exist. Thus we created 2 reference groups, one with data
from verified depredation sites where controllers trapped
unsuccessfully and the second from farms with depredations
but no trapping. Reasons for no trapping varied, so we
selected only sites where given reasons would not seem to

affect the analysis, such as the following: farmer denied
permission, government manpower shortage, lack of funds,
poor ground conditions, and too much hunter activity. If the
reasons that complaints were not trapped included the
following, we did not include them in our no-trapping
reference sample: already trapping at a neighboring farm,
stock removed from area, lone wolf responsible for
depredation, or no reason given.

We used the no-trapping reference group because strong
biases may exist in the data from both the successfully and
unsuccessfully trapped farms. Farms with captured wolves
may have more wolves around them than did farms with no
captures, thus more likely sustaining repeat depredations
regardless of number of wolves caught. Farms with no
captures are more likely to have fewer wolves nearby and,
thus, sustain fewer depredations. The no-trapping data set is
not a perfect reference, but it was the best reference available.

We used the full database with released pups included to
assess how often controllers captured wolves in response to a
depredation by calculating percent of verified depredations
where WS captured >1 wolf.

Distribution of Depredations Where Trapping Was
Unsuccessful

Previous studies yielded the counterintuitive conclusion that
fewer subsequent depredations occurred where trapping was
unsuccessful than where it was successful (Fritts 1982, Fritts
et al. 1992). To determine if any pattern or bias could
explain the apparent effectiveness of unsuccessful trapping,
we assessed the temporal and geographical distributions of
complaints trapped unsuccessfully. To assess temporal
distribution, we graphed the percentage of total complaints
each month at which trapping was unsuccessful to see if
there was a seasonal effect.

To assess geographical distribution of apparent unsuccess-
ful trapping, we used ArcView Geographic Information
System software and its extension Animal Movement (P. N.
Hooge and B. Eichenlaub, United States Geological Survey,
Biological Science Center, Anchorage, AK) to map
locations of depredated farms where trapping was unsuc-
cessful both after single complaints and after multiple
trapping events. We hypothesized that such farms might be
in the path of dispersing wolves just passing through the
area, so they would be located primarily on the edge of each
year’s depredation minimum convex polygon (MCP; see
below). We then excluded all the unsuccessfully trapped
farms along each year’s MCP edges, allowing us to
reexamine the effectiveness of unsuccessful trapping with
the potential bias of farms affected by dispersing wolves
removed. For complaints received 1 January—30 September,
we calculated the percent with no more depredations the
rest of the year, hypothesizing that excluding edge farms
where no wolves were captured should decrease apparent
effectiveness of unsuccessful trapping.

Wolves Killed and Next Year’s Depredations
To assess if the number of wolves killed each year affected
the number of depredations the next year, we computed
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correlations between number of wolves killed and number of
depredations in the following year for the periods 1979-
1998, 1979-1989, and 1989-1998 in response to verified
cattle, sheep, or turkey depredations, as well as depredations
on all domestic animals.

We also analyzed the data at 2 finer scales. For the first, we
used data from 4 areas of historical depredations. To create
these historical-depredation areas, we used ArcView to map
the locations of farms with >1 verified depredation each
year from 1979 to 1998 and created yearly depredation
MCPs including each year’s farms (Fig. 1).

Using the depredation MCPs from 1989 through 1998,
we created a new MCP of the area where all the MCPs
overlapped (41,079 km?; Fig. 1). Using this common MCP,
as well as the 1989 MCP (53,232 km?; Fig. 1), we examined
the depredations inside the polygons, which allowed us to
eliminate the effects of wolf range expansion (Harper et al.
2005). We examined these 2 MCPs because wolves have
preyed on livestock there since 1989.

For an even finer scale, we used ArcView to locate 2
clusters of farms with long histories of depredations in an
area of wolf depredations since 1979. We subjected one
cluster, centered around a particular farm (farm A), to
analyses using 3 data sets: 1) the data from 3 farms, 2) the
data from 4 farms, and 3) the data from all 9 farms within 10
km of farm A. Each farm had a history of depredations. The
second cluster consisted of 8 farms all centered around and
within 10 km of a different farm (farm E), all with a history
of depredations.

Use of these farm-cluster combinations also eliminated the
effects of wolf range expansion. The 10-km limit to the
radius of the farm clusters and the territorial nature of
wolves decreased the probability that increased depredations
were caused by an increased number of wolf packs nearby.
Use of 2 of the farm clusters also eliminated the effects that
any increase in the numbers of farms sustaining depreda-
tions could have on the analysis.

Depredation Recurrence Rate

To study the effects that different variables had on time to
next depredation, we computed the number of days between
the date the last wolf was removed from a farm and the date
of the next verified depredation. Our hypothesis was that
killing wolves would increase the time to next depredation,
or equivalently decrease the depredation recurrence rate. We
used 3 geographic scales. We found time to next
depredation at the same farm (0 km), at any farm within
4 km, or at any farm within 8 km. We used the locations of
the farms to determine distances, essentially treating each
farm as a point and ignoring barriers like roads or rivers. If
no further depredations occurred, or if the next depredation
was too far in the future, we considered the observation as
censored. We used 2 rules for censoring. Under the 1-year
rule we censored the observation at 365 days if no
depredation occurred in that period. Under the 31 October
rule we considered only depredations that occurred from 1
March to 31 October of a given year, and then recurrence
only to 31 October of that year. This approach removed 50

[ 1990-1998 annual depredation MCPs
%77 1989 depredation MCP

SN 1989.1908 depredation MCP overlap area
[ ] County

Figure 1. Yearly depredation minimum convex polygons (MCP) of
locations of Minnesota, USA, farms with at least one verified cattle, sheep,
or turkey depredation in 1990-1998 and shaded polygons representing the
1989 depredation MCP and the MCP where the 1989-1998 depredation
MCPs overlap.

of the depredations between 1 November and 28 February
from the study, but it corresponds to the goal of assessing
reduction of re-depredations in the current year.

As is usual for censored data, the variables for each
depredation consisted of a time and a censoring indicator.
We used the Kaplan—Meier product-moment estimators
(Kalbfleisch and Prentice 1980) to provide graphical
summaries of the time-to-next depredation curves. We
used Cox proportional-hazard models to test significance
(Kalbfleisch and Prentice 1980). The proportional hazards
model assumes the existence of a baseline time-to-re-
depredation curve that is modified by multiplication by
exp(d Px), where each x is a predictor and the s are
regression coefficients. We considered a number of pre-
dictors. To adjust for seasonal effects, we included
trigonometric predictors sin(2mm/12) and cos(2nm/12),
where 7 is the month number in all models. We also used
a factor to account for effects of prey species (cow, sheep, or
turkey). We included trapping outcome, including whether
trapping was done, whether trapping was successful, and, if
successful, age and sex of all wolves removed, in various
combinations to be described in the results section below.
We considered age and sex of wolves killed because some
ages, sexes, or pack sizes of wolves might be more prone to
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Table 1. Trapping success of wolf-depredation control program in
Minnesota, USA, by prey species, 1979-1998.

No Unsuccessful Successful Success
Species trapping trapping trapping rate
Cattle 21 264 433 0.62
Sheep 15 66 64 0.49
Turkey 2 30 28 0.48
Overall 38 360 525 0.59

preying on livestock. For example, wolf packs with pups may
depend more on livestock (Bjorge 1980), or removal of some
wolves could make others more dependent on livestock
(Bjorge and Gunson 1985, Fritts et al. 1992). We used
standard model selection methods in combination with
Akaike’s Information Criterion (AIC) to select appropriate
predictors. We repeated the analysis for the 3 distances (0
km, 4 km, and 8 km) and for the 2 time-censoring rules.

For these analyses, we removed 4 depredations from the
data base. One depredation had inconsistent dates in the
original records. Three of the re-depredations occurred
within 4 days of the original complaint, before any trapping
could be initiated. Including these latter 3 cases would
exaggerate differences between the no-trapping group and
the unsuccessful and successful (>1 wolf removed) trapping
groups.

RESULTS

Cattle and sheep in Minnesota are generally confined and
not subject to wolf depredations from November to April or
May, so wolves preyed on livestock primarily in May

[ 1995 depredation MCS 40 0 40 Km

Figure 2. Distribution of Minnesota, USA, farms within the 1995
depredation minimum convex polygon where no wolves and where >1
wolf was removed in 1995 during individual trapping sessions (1995 data
are shown as an example).
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Figure 3. Wolf livestock-depredation recurrence curves for the current
farm, within 4 km and within 8 km, estimated using the Kaplan—Meier
method on Minnesota, USA, farms, 1979-1998, for the following year,
including all complaints whether or not trapping was conducted or
successful.

through September as also reported earlier (Fritts 1982,
Fritts et al. 1992).

When federal personnel responded to depredations with
directed, lethal control, they succeeded trapping >1 wolf at
sheep or turkey farms about 48% of the time, and at cattle
farms 62% of the time (Table 1). Overall trapping success
was 59%, somewhat higher than the 53% for 1979-1986
(Fritts et al. 1992). Trapping was more successful in April—
July (65%) than in the rest of the year (52%; P < 0.001),
probably due to reduced effort (seasonal leave), poor
weather, or trap shyness. Unsuccessful trapping was not
concentrated in any particular area (Fig. 2).

All 24 correlations we tested between number of wolves
killed and next year’s depredations for all periods and areas,
for individual livestock, and all livestock combined showed
either more depredations the next year or were non-
significant (P > 0.10). The only marginally significant
negative relationship was for all livestock across the entire

state for 1989-1998 (* = 0.34; P = 0.10).

General Depredation Recurrence Rate

When we pooled depredations on all species of livestock, the
overall rate of recurrence in the same year was quite low.
Using 365-day recurrences, at 250 days postdepredation the
recurrence rate was estimated to be 23% (95% CI = 20—
25%) at the farm level, 29% (95% CI =25-32%) within 4
km of the farm, and 37% (95% CI=34-40%) within 8 km
of the farm (Fig. 3). Changing the follow-up to 31 October
of the current year did not cause any changes in conclusions
although the curves and rates are a bit different. When we
considered livestock species separately, the re-depredation
rates were higher for sheep and turkey than for cattle (Fig.
4). However, most depredations involved cattle.

The separate overall recurrence curves for each of 4
trapping outcomes (no trapping, unsuccessful trapping,
successful trapping without removal of an ad M, and
successful trapping with removal of an ad M) showed that
the recurrence rate for no trapping was higher than for the
other conditions. Figure 5 is typical of the figures for
different distances and censoring rules. Except when no
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Figure 4. Rate of wolf livestock-depredation recurrences on Minnesota,
USA, farms, 1979-1998, including all complaints whether or not trapping
was conducted or successful, by type of prey species.

trapping was done, the rates in the other conditions were
similar, with the recurrence rate when an adult male was
removed the lowest, the rate for unsuccessful trapping the
highest, and the rate for other successful trapping inter-
mediate.

Proportional Hazards Models
With the possible exception of removing an adult male, age
and sex of wolves killed had no effect on re-depredation
rates. In addition, total number of animals removed did not
appear to affect the re-depredation rate. We therefore report
the results of fitting Cox proportional hazards models at the
3 geographic scales and using 2 censoring rules with 2
predictors for the seasonal trend, a factor with 3 levels for
livestock species, and another factor with 4 levels for the
outcome of trapping, including no trapping, unsuccessful
trapping, successful trapping but no adult male(s) removed,
and successful trapping with adult male(s) removed. All the
models are parameterized so the baseline species is cattle,
and the baseline trapping outcome is no trapping (Table 2).

Species differences are apparent at all geographic scales. At
0 km and 4 km for either censoring rule coefficient estimates
for the trapping groups were all negative, indicating that
trapping, regardless of outcome, reduces re-depredation,
although differences are generally small. With 365-day
tollow-up at 0 km, the unsuccessful trapping re-depredation
rate was lower than the no trapping rate, with P = 0.04; for
31 October censoring, the rate for trapping an adult male
was lower, P=0.04 than the no trapping rate. According to
the fitted model, the re-depredation rate (95% CI) when an
adult male was killed was 0.20-0.97 times the re-
depredation rate for no trapping. At 8 km, trapping did
not appear to have any effect.

With data for sheep only, there was some evidence that
successful trapping led to lower recurrence rates than did no

trapping or unsuccessful trapping (P = 0.04-0.06).

DISCUSSION

The depredation peak we found for cattle in May
corresponds with the availability of newborn calves, and a
slight decrease in June may be related to availability of deer
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Figure 5. Rate of wolf livestock-depredation recurrences on Minnesota,
USA, farms, 1979-1998, for all livestock combined comparing 4 groups of
trapping outcome: no trapping, unsuccessful trapping, successful trapping
with no adult males caught, and successful trapping with an adult male
caught.

fawns born in June (Mech et al. 1988, Fritts et al. 1992).
Increases over summer may be due to pups’ increasing need
for food (Fritts et al. 1992). In Alberta, Canada, cattle losses
to wolves peaked in August—September (Dorrance 1982),
perhaps due to the seasonal differences between the 2 areas
or to differing seasonal livestock practices.

Unsuccessful trapping was not concentrated in any
particular area (Fig. 2), contrary to our hypothesis that
farms where trapping was unsuccessful were primarily along
the edge of each year’s depredation MCP. Thus not all cases
of unsuccessful trapping involved dispersing wolves killing
livestock and moving on, although some may have.

None of our correlations supported the hypothesis that
killing a high number of wolves reduced the following year’s
depredations at state or local levels. This finding was similar
to that of Fritts et al. (1992) for 1979-1986 data for all types
of livestock depredations combined. Fritts et al. (1992) felt
that their finding may have resulted from pooling data from
farms with repeated depredations and new farms sustaining
depredations. We did not find this to be true, however. Our
analyses of localized farm clusters showed that as more
wolves were killed one year, the depredations increased the
following year. Examination of these localized farm clusters
also eliminated the possibility that it was an increase in
numbers of farms sustaining depredations that contributed
to the findings that killing wolves did not reduce
depredations the next year at local or state levels.

A possible explanation for the positive relationship
between number of wolves killed and higher depredations
was that farms where more wolves were captured may have
been farms where more wolves lived. A second possibility is
that any wolves remaining after trapping had learned to prey
on livestock, possibly becoming more dependent on live-
stock once packmates have been removed. Harper et al.
(2005) presented evidence for learned depredation behavior
in wolves.

For all analyses, trapping but catching no wolves led to
lower recurrence than not trapping at all (e.g., Fig. 5) which
suggests that the mere increase in human activity and the
introduction of foreign odor and objects at a depredation
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Table 2. Cox proportional-hazards survival-model results for recurrences of wolf-depredation control in Minnesota, USA, 1979-1998. Shown are coefficient
estimates and significance levels when fitting seasonal adjustments, represented by the sin and cos terms, a factor for livestock species, and a factor with 4
levels for trapping outcome. Results are shown for 365-day follow-up and for follow-up until 31 October of the current year, and at 3 geographic scales, 0 km
for the farm where depredation originally occurred and farms within 4 km and 8 km of that farm. Models are parameterized so that the baseline condition is
for no trapping when the livestock species is cattle. Thus, probabilities for sheep and turkeys compare these conditions to those for cattle, and those for the 3

trapping outcomes compare to those for no trapping.

0 km

Estimate P

4 km 8 km

Estimate P Estimate P

365-day follow-up

sinm 0.144 0.140
cosm —0.145 0.220
Sheep 0.494 0.002
Turkey 0.919 0.000
No wolves caught —0.573 0.041
No ad M caught —0.301 0.290
Ad M caught —0.517 0.073
Follow-up to 31 Oct
sinm 0.416 0.003
cosm —0.387 0.097
Sheep 1.217 0.000
Turkey 1.269 0.000
No wolves caught —0.541 0.160
No ad M caught —0.296 0.440
Ad M caught —0.808 0.043

0.080 0.360 0.114 0.140
—0.151 0.150 —0.128 0.180
0.228 0.120 0.128 0.340
0.740 0.000 0.596 0.001
—0.482 0.073 —0.259 0.300
—0.280 0.300 —0.192 0.450
—0.493 0.074 —0.336 0.190
0.277 0.026 0.269 0.014
—0.382 0.066 —0.489 0.010
0.874 0.000 0.625 0.000
1.030 0.000 0.924 0.000
—0.657 0.056 —0.369 0.270
—0.496 0.150 —0.388 0.260
—0.888 0.013 —0.614 0.076

site might have been enough to reduce future depredations.
Conceivably, then, any apparent decreases in depredation
from killing wolves may actually have been due to increased
human activity instead, although this would not explain why
killing adult males in certain cases was most effective.
Human activity may also at least partly explain the
effectiveness of fladry (plastic flagging hanging on fencing
surrounding farms) as a barrier to wolf depredations. Fladry
reportedly kept wolves out of a cattle pasture for 61 days
before wolves crossed the barrier and killed livestock
(Musiani et al. 2003). Waning of the aversive response to
the fladry could have been caused by habituation to the
fladry or to the human scent.

There was no evidence that killing wolves decreased re-
depredation rates at farms within 8 km of an original
depredation. For complaints involving cattle and turkeys,
there was little evidence that killing wolves affected the re-
depredation rate any more than did unsuccessful trapping,
contrary to our hypothesis. Nevertheless, attempting to trap
seemed to provide some effectiveness. At the individual
farm level and within 4 km, targeting adult males and
continuing to trap if they are believed present may have
improved control effectiveness. This result accords with the
findings that, at least in summer, the adult male tends to
take the initiation in hunting (Mech 1999).

For depredations on sheep, killing wolves was more
effective than unsuccessful trapping or not trapping, similar
to Fritts et al. (1992). Sheep are more vulnerable to wolf
depredation than are cattle, because sheep usually flock and
are defenseless against wolves, so wolves may continue to
return for sheep, whereas cattle depredations may be more
single-event opportunities.

Conceivably, husbandry practices and habitats at farms
included in our analysis could have changed over time,

confounding our results. However, wolf depredations seem
to be linked to farm size, with larger farms having more
depredations (Mech et al. 2000, Bradley and Pletscher
2005), and some township-level habitat variables and prey
densities at farm and township levels may also affect
depredation (Treves et al. 2004, Bradley and Pletscher
2005).

MANAGEMENT IMPLICATIONS

Lethal wolf control for depredation on sheep in Minnesota
is generally effective in reducing further losses. However, for
reducing depredations on cattle >1 adult male must be
killed. Furthermore, experimenting with a regimen of daily
visits simulating trapping activities might show that such an
approach is more cost-effective than trapping and killing
wolves, especially at farms that require long travel by
controllers.
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